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SWITCHING POWER SUPPLY, CONTROL 
CIRCUIT CONTROLLING SWITCHING 

POWER SUPPLY AND CONTROL METHOD 
OF SWITCHING POWER SUPPLY 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation application of PCT/ 
JP2007/072219, filed Nov. 15, 2007. 

FIELD 

The present invention relates to a Switching power Supply, 
a control circuit for controlling a Switching power Supply, and 
a control method of Switching power Supply. 

BACKGROUND 

For example, a step-down type of DC-DC converter is used 
in information equipment. Such a DC-DC converter employs 
a Switching power Supply using a Switch. A buck type power 
Supply circuit is used in a case where ground in input and that 
in output are commonly used (see Non-Patent Document 1). 
A power Supply circuit having a Snubber circuit is used in 
order to Suppress power consumed at the time of turning 
on/off of a main switch (see Non-Patent Document 1 and 
Non-Patent Document 2). 

Non-Patent Document 1 John G. Kassakian, Principles of 
power electronics, ADDISON-WESLEY PUBLISHING 
COMPANY, 1992, pp 674-687 

Non-Patent Document 2 IEEE Transaction on Power 
Electronics, Vol. 11, Issue. 5, 1996, pp 710-722 

SUMMARY 

According to an aspect of the present invention, there is 
provided a Switching power Supply including: a first Switch 
provided between one end of a DC power supply and one end 
of a load; a second switch provided between a node of the first 
switch located on a loadside and another end of the DC power 
Supply; a capacitor provided between the second Switch and 
the another end of the DC power supply; a third switch pro 
vided between a node of the first switch located on a DC 
power Supply side and a node between the second Switch and 
the capacitor; and a delay circuit that is provided between the 
third switch and the node between the second switch and the 
capacitor and delays a current for charging the capacitor, 
wherein the second Switch is turned on in a period during 
which the first switch is kept on. 

The object and advantages of the invention will be realized 
and attained by means of the elements and combinations 
particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a circuit diagram of a Switching power Supply in 
accordance with a comparative example 1. 

FIG. 2 is a diagram illustrating an operation of the com 
parative example 1. 

FIG.3 is a diagram that illustrates power consumption of a 
first Switch in the comparative example 1. 
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2 
FIG. 4 is a circuit diagram of a Switching power Supply in 

accordance with a comparative example 2. 
FIG. 5 is a diagram that illustrates an operation of the 

comparative example 2. 
FIG. 6 is a diagram that illustrates power consumption of 

the first Switch in accordance with the comparative example 
2. 

FIG. 7 is a circuit diagram of a Switching power Supply in 
accordance with a comparative example 3. 

FIG. 8 is a diagram that illustrates an operation of the 
comparative example 3. 

FIG. 9 is a circuit diagram of a Switching power Supply in 
accordance with a comparative example 4. 

FIG. 10 is a circuit diagram of a Switching power Supply in 
accordance with example 1. 

FIG.11 is a diagram that illustrates currents that flow in the 
embodiment 1. 

FIG. 12 is a diagram that illustrates an operation of the 
embodiment 1. 

FIG. 13 is a diagram that illustrates power consumption of 
a first switch before and after a turn-off period in the embodi 
ment 1. 

FIG. 14 is a diagram that compares power consumptions in 
the comparative examples 3 and 4 and power consumption of 
the first switch. 

FIG. 15 is a diagram that illustrates power consumption of 
a comparative example 5 in which an inductor L1 and a first 
diode D1 are not provided. 

FIG.16 is a diagram that compares power consumptions of 
the comparative examples 3 and 4 and power consumption of 
the embodiment 1. 

FIG.17 is a diagram that compares power consumptions of 
the comparative examples 3 and 4 with power consumption of 
a third switch. 

FIG. 18 is a circuit diagram of a Switching power Supply in 
accordance with an embodiment 2. 

FIG. 19 is a diagram (part 1) that illustrates simulation 
results of the embodiment 2. 

FIG. 20 is a diagram (part 2) that illustrates simulation 
results of the embodiment 2. 

FIG. 21 is a circuit diagram of a Switching power Supply in 
accordance with an embodiment 3. 

FIG.22 is a circuit diagram of a Switching power Supply in 
accordance with an embodiment 4. 

DESCRIPTION OF EMBODIMENTS 

First, a problem to be solved by the invention is described. 
FIG. 1 is a circuit diagram of a buck type Switching power 
Supply in accordance with a comparative example 1. Refer 
ring to FIG. 1, a DC power supply 20 and a load 30 are 
connected to a switching power supply 10a. The DC power 
Supply 20 is made up of a power Source E and an internal 
resistance R2. The load 30 is formed by a resistor R3 in 
equivalent circuit. A positive terminal of the DC power supply 
20 is connected to a node N21, and a negative terminal thereof 
is connected to a node N22. The positive terminal of the load 
30 is connected to a node N31, and a negative terminal thereof 
is connected to a node N32. The nodes N22 and N32 are 
ground terminals and are directly connected to each other. 
The switching power supply 10a has a first switch SW1, a 

fourth switch SW4, a capacitor C2, a capacitor C3 and a 
second inductor L2. The first switch SW1 is a main Switch and 
is provided between the nodes N21 and N31. A second induc 
tor L2 is connected to a load side of the first switch SW1. A 
node between the first Switch SW1 and the second inductor 
L2 is N11. The fourth switch SW4 is a synchronous rectifi 
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cation switch, and is connected between the node N11 and the 
node N22. The capacitor C2 is an input Smoothing capacitor, 
and is connected between the node N21 and the node N22. 
The capacitor C3 is an output Smoothing capacitor, and is 
connected between the node N31 and the node N32. 
An operation of the Switching power Supply in accordance 

with the first comparative example will now be described with 
reference to FIG. 2. FIG. 2 is a diagram that illustrates an 
operation of the first switch SW1, an operation of the fourth 
switch SW4, current that flows through the second inductor 
L2 (L2 current), a voltage V11 of the node N11, and an output 
voltage Vout of the node N31 with respect to the node N32 
with time. The L2 current is positive in the flow from the node 
N11 to the node N31. 

Referring to FIG.2, during a period T1 between time t3 and 
time ts, the first switch SW1 is kept on, and the fourth switch 
SW4 is kept off. Thus, the node N11 has a voltage VE of the 
DC power supply 20. As indicated as a current 11 illustrated 
in FIG. 1, the current 11 flows from the node N21 to the node 
N31 via the first switch SW1, the node N11 and the second 
inductor L2. Due to the second inductor L2, the current II 
increases gradually. 

During a period T2 between time t5 and time t3, the first 
switch SW1 is kept off, and the fourth switch SW4 is kept on. 
Thus, the node N11 is at the ground voltage 0. As indicated as 
a current 12 in FIG.1, the current 12 flows from the node N32 
to the node N31 via the fourth switch SW4, the node N11 and 
the second inductor L2. Due to the second inductor L2, the 
current 11 decreases gradually. The output voltage Vout of the 
node N31 is a voltage V0, which is lower than the voltage VE 
of the DC power supply 20, and is almost constant. 

FIG. 3 is a diagram that describes power consumption that 
takes place in the first switch SW1 when the first switch SW1 
is turned on and is turned offin the Switching power Supply in 
accordance with the comparative example 1. FIG. 3 is a 
diagram that illustrates the resistance of the first switch SW1 
(SW1 resistance), current that flows through the first switch 
(SW1 voltage), power consumed by the first switch SW1 
(SW1 power) with time. The SW1 current is positive in the 
flow from the node N21 to the node N11. 
A turn-on period Ton between time t31 and time t32 is a 

transitional period from the period T2 to the period T1 and a 
turn-off period Toff between time t51 and time t52 is a tran 
sitional period from the period T1 to the period T2. During the 
period T2, the first switch SW1 is kept off and has a large SW1 
resistance. The SW1 current is small, and the SW1 voltage is 
high. Since the SW1 current is small, the SW1 power is small. 

At time t31, the first switch SW1 is turned on. During the 
turn-on period Ton, the SW1 resistance decreases gradually, 
and becomes almost zero at time t32. Thus, the SW1 current 
gradually increases from almost zero. The SW1 voltage 
decreases gradually, and becomes almost Zero at time t32. 
The SW1 power has a maximum value in the turn-on period 
Ton. At time t32, the first switch SW1 is turned on, and thus, 
the SW resistance is almost zero. The SW1 current increases 
gradually during the period T1 due to the aforementioned 
second inductor L1. The SW1 voltage is almost zero. 
Although the SW1 voltage is almost zero, the SW1 current 
increases gradually, and accordingly, the SW1 power 
increases gradually. 

At time t51, the first switch SW1 is turned off. During the 
turn-off period Toff, the SW1 resistance increases gradually 
and becomes constant at time t52. The SW1 current decreases 
gradually and becomes almost zero at time t52. The SW1 
Voltage increases gradually and becomes constant at time t52. 
The SW1 power has a maximum value in the turn-off period 
Toff. Since the SW1 current has the maximum at time t51, the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
maximum value Aoff of the SW 1 power in the turn-off period 
Toff is greater than the maximum value Aon of the SW1 
power in the turn-on period Ton. 
As described above, in the buck type switching power 

Supply indicated as the comparative example 1, power con 
sumed by the first switch SW1 increases during the turn-off 
period Toff. Particularly, in a case where a semiconductor 
switch such as a MOSFET is used, the switching power 
Supply may generate heat due to power consumed by the first 
switch SW1 because the turn-on period Ton and the turn-off 
period Toffare long. Further, the switching power supply that 
operates at high frequencies has an increased number of times 
of turning on and off, and further generates heat. 
A comparative example 2 (see page 674 of Non-Patent 

Document 1) is an example that is directed to Suppressing the 
SW1 power during the turn-off period Toff and is equipped 
with snubber capacitor. FIG. 4 is a circuit diagram of the 
Switching power Supply in accordance with the comparative 
example 2. A switching power supply 10b has a snubber 
capacitor C1 between the node N11 and the node N22. The 
other structures are the same as those of the comparative 
example 1 depicted in FIG. 1. 
A description will be given, with reference to FIG. 5, of an 

operation of the Switching power Supply in accordance with 
the comparative example 2. FIG.5 is a diagram that illustrates 
an operation of the first switch SW1, an operation of the 
fourth switch SW4, the L2 current, the SW1 current, current 
that flows through the first capacitor C1 (C1 current), and the 
SW4 current with time. 

Referring to FIG. 5, the operations of the first switch SW1 
and the fourth switch SW4 are the same as those of the 
comparative example 1 illustrated in FIG. 3. During the turn 
on period Ton, as indicated as a current 13 in FIG. 4, the 
current 13 flows so as to charge the capacitor C1. During a 
period T11 from time t32 to t51 in FIG.5, the current 11 flows 
as in the case of the period T1 of the comparative example 1 
(see FIG. 4). Referring to FIG. 5, during the turn-off period 
Toff, as depicted as a current 14 in FIG.4, the current 14 flows 
So as to discharge the capacitor C1. During a period D21 from 
time t52 to time t31 in FIG. 5, the current 12 flows as in the 
case of the period T2 in the comparative example 1 (see FIG. 
4). 

FIG. 6 is a diagram that describes power consumption of 
the Switching power Supply in accordance with the compara 
tive example 2, and is similar to FIG. 3. A broken line of the 
SW1 power indicates the comparative example 1. During the 
turn-on period Ton, the SW1 current flows as a charge current 
for the capacitor C1 (see B1 in FIG. 6). Thus, the SW1 power 
Bon is larger than that in the comparative example 1. During 
the turn-off period Toff, due to the discharge from the capaci 
tor C1, the voltage of the node N11 drops. Thus, the SW1 
voltage rises gently to the period T21 (see B2 in FIG. 6). Thus, 
the rise of the SW1 power Boff is less than that in the com 
parative example 1. As described above, the comparative 
example 1 may suppress the rise of power during the turn-off 
period Toff, while power during the turn-on period increases. 
A comparative example 3 (see page 676 of Non-Patent 

Document 1) is an example directed to suppressing the SW1 
power during the turn-off period Toff, and is an exemplary 
RCD snubber circuit. FIG. 7 is a circuit diagram of a switch 
ing power Supply in accordance with the comparative 
example 3. Referring to FIG. 7, as compared to FIG. 4 of the 
comparative example 2, a Switching power Supply 10c is 
configured so that a second diode D2 and a resistor R1 are 
connected in parallel between the node N11 and the snubber 
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capacitor C1. The other structures are the same as those of the 
comparative example 2 in FIG. 4 and a description thereof is 
omitted. 
A description will now be given, with reference to FIG. 8, 

of an operation of a Switching power Supply in accordance 
with the comparative example 3. FIG. 8 is a diagram that 
illustrates an operation of the first switch SW1, an operation 
of the fourth Switch SW4, the L2 current, the SW1 current, the 
C1 current, the SW4 current and power consumed by the 
resistor R1 (R1 power) with time. 

Referring to FIG. 8, the operations of the first switch SW1 
and the fourth switch SW4 are the same as those of the 
comparative example 2 illustrated in FIG. 5. At time t31, the 
first switch SW1 is turned on, and the current 13 that charges 
the capacitor C1 flows through the resistor R1. Thus, the 
maximum values of the SW1 current and the C1 current are 
reduced, and the period of time during which the current 13 
flows is elongated (see C10 in FIG. 8). Thus, the currents 11 
and 13 flow in parallel. In FIG. 8, a broken line corresponds to 
the current 11 out of the SW1 current, and current between the 
broken line and the solid line corresponds to the current 13. 
Thus, the first switch SW1 power during the turn-on period To 
is reduced. However, as illustrated in FIG. 8, the R1 power is 
developed (see Con in FIG. 8). There is a possibility that the 
charge of the capacitor C1 may not gain on if the Switching 
cycle becomes short. 
A comparative example 4 (see page 687 of Non-Patent 

Document 1) is an example directed to Suppressing power 
consumed by the resistor. FIG. 9 is a circuit diagram of a 
Switching power Supply in accordance with the comparative 
example 4. As compared to FIG. 7 related to the comparative 
example3, a switching power supply 10d is not provided with 
the resistor R1. A capacitor C12 and a diode D12 are con 
nected between the node N11 and the node N22. An inductor 
L3 and a diode D13 are connected between a node N15 
between a diode D1 and the capacitor C1 and a node N16 
between the capacitor C12 and the diode D12. When the first 
switch SW1 is turned on, the current 13 flows to charge the 
capacitors C1 and C12 due to the resonance of the capacitors 
C1 and C12 and the inductor L3. The resonance ends with a 
half cycle due to the diode D13. The charges stored in the 
capacitors C1 and C12 stored in the capacitors C1 and C12 are 
released as currents 14a and 14b when the first switch SW1 is 
turned off. In the comparative example 4, the current 13 is not 
consumed by the resistor, and power consumption is thus 
small. Since the capacitors C1 and C12 are charged due to the 
resonance, the maximum value of the first switch SW1 cur 
rent may be suppressed. 

However, the current 13 that charges the capacitors C1 and 
C12 flow via the first switch SW1. Thus, power loss is devel 
oped due to the on-state resistance of the first switch SW1. As 
the Switching cycle becomes short, the charge of the capaci 
tors C1 and C12 may not gain on. 
A description will now be given of embodiments that solve 

the problems of the comparative examples 1 through 4 with 
reference to the drawings. 

First Embodiment 

FIG. 10 is a circuit diagram of a Switching power Supply in 
accordance with an embodiment 1. As compared to the 
Switching power Supply 10b of the comparative example 2 in 
FIG. 4, a second switch SW2 is provided between the capaci 
tor C1 and the node N11. A third Switch SW3 and the inductor 
L1 are provided between a node N12 between the second 
switch SW2 and the capacitor C1 and the node N21. The first 
diode D1 is connected between a node N13 between the third 
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6 
switch SW3 and the inductor L1 and the node N22. There is 
provided a control circuit 40 that controls the switching 
operations of the switches SW1 through SW4. The other 
structures are the same as those of the embodiment 2 in FIG. 
4 and a description thereof is omitted. 
A description will now be given, with reference to FIGS. 11 

and 12, of an operation of the Switching power Supply in 
accordance with the embodiment 1. FIG. 11 is a circuit dia 
gram that indicates currents that flow in the Switching power 
supply 10 in accordance with the embodiment 1, and FIG. 12 
is a diagram that illustrates operations and currents of the first 
switch SW1 through the fourth switch SW4, and the L2 
current with time. The SW2 current that flows from the node 
N12 to the node N11 is positive, and the SW3 current that 
flows from the node N31 to the node N13 is positive. The 
directions of the other currents are the same as those of the 
comparative examples 1 through 4. 

Referring to FIG. 12, at time t0, the switches SW1 through 
SW4 are kept off, and the SW1 current through the SW4 
currents and the L2 current are zero. At time t1, the third 
switch SW3 is turned on. As in the case of the current 13 in 
FIG. 13, the current 13 flows from the node N21 to the 
capacitor C1 through the third switch SW3 and the inductor 
L1, and the capacitor C1 is thus charged. As illustrated in FIG. 
12, the SW3 current increases gradually due to the inductor 
L1. At time t2, the third switch SW3 is turned off. At time t3, 
the first switch SW1 is turned on, and the current 11 flows, as 
illustrated in FIG. 11. The second switch SW2 is turned on at 
an arbitrary time ta in the period T1 during which the first 
switch SW1 is kept on. Since the capacitor C1 is charged 
beforehand, the nodes N11 and N12 have the power supply 
voltage VE of the DC power supply 20, and the SW2 current 
does not flow. 

Referring to FIG. 12, at time t5, the first switch SW1 is 
turned off and the fourth switch SW4 is turned on. The voltage 
of the node N11 decreases, and the current 14 flows from the 
capacitor C1 via the second switch SW2. The capacitor C1 is 
thus charged. Referring to FIG. 12, the current rises in the 
same gradient as that of the current 11 when the discharge 
current from the capacitor C1 flows. When the discharge of 
the capacitor C1 is complete or at time to that follows the 
completion of the discharge, the second switch SW2 is turned 
off. Then, the current 12 flows as in the case of FIG. 11. At 
time t7, the fourth switch SW4 is turned off. The L2 current is 
the sum of the SW1 current, the SW2 current and the SW4 
Current. 

As indicated by a broken line in FIG. 12, the third switch 
SW3 may be kept on when the fourth switch SW4 is kept on 
while the first Switch SW1 and the second Switch SW2 are 
kept off. The periods T1 and T2 may be alternately provided 
by turning on the third switch SW3 within the period when the 
fourth switch SW4 is kept on. That is, the first switch SW1 
and the fourth switch SW4 may be alternately turned on/off. 
It is thus possible to reduce the Switching cycle. 
The control circuit is a circuit that operates the switches 

SW1 through SW4 as illustrated in FIG. 12, and may be 
formed by a logic IC in which gate allocation is program 
mable. Timing generation as illustrated in FIG. 12 may be 
implemented by a delay circuit using a clock or another delay 
circuit using CR. 

FIG. 13 is a diagram that indicates the SW1 current, the 
voltage V1 across the first switch SW1 (SW1 voltage), and 
power consumed by the first switch SW1 (SW1 power) before 
and after the turn-off period Toff. The SW1 voltage V1 after 
then first switch SW1 is turned off is described by equation 1: 

V1=VE(1-e-IRC) (Equation 1) 
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where VE is the Voltage of the power source E, R is the sum 
of the resistance value of the internal resistance R2 and the 
on-state resistance of the first switch SW1, and C is the 
capacitance value of the capacitor C1. 
The SW1 voltage rises quickly as the capacitance value C 

of the first capacitor C1 is small, and rises slowly as the 
capacitance value C is large. Thus, the greater the capacitance 
value C, the more effectively the SW1 power is suppressed. 

FIG. 14 is a diagram of power consumed in the Switching 
power supply 10 in accordance with the embodiment 1, as 
compared to the comparative examples 3 and 4. There are 
illustrated the SW1 resistance, the SW1 current, the SW1 
voltage and the SW1 power with time. Broken lines indicate 
the comparative examples 3 and 4, and Solid lines indicate the 
embodiment 1. In the comparative examples 3 and 4, the 
capacitor C1 is charged by the current through the first switch 
SW1. Thus, the current that charges the capacitor C1 flows as 
the SW1 current during the period T1 that follows the Ton 
period (see the broken line in FIG. 14). Thus, the SW1 power 
increases. In accordance with the embodiment 1, the current 
13 does not flow through the first switch SW1, and the SW1 
current is Smaller than that in the comparative examples 3 and 
4. Thus, the SW1 power of the embodiment 1 is less than that 
in the comparative examples 3 and 4 by P1 in FIG. 14. 
A case will be considered as a comparative example 5 in 

which the inductor L1 and the first diode D1 in FIG. 10 of the 
embodiment 1 are omitted. FIG. 15 is a diagram of a third 
switch SW3 current that flows through the third switch SW3. 
and power consumption thereof with time. At time t11, the 
third switch SW3 is turned on, and the capacitor C1 is rapidly 
charged. Thus, the SW3 current flows abruptly between time 
t11 and time t12 (see D1 in FIG. 15). Thus, the SW3 power 
Don increases as illustrated in FIG. 15. At time t2, when the 
third switch SW3 is turned off, the SW3 power Doff is hardly 
generated. 

FIG.16 is a diagram that illustrates the SW3 resistance, the 
SW3 current, current that flows through the first diode D1 (D1 
current), current that flows through the inductor 11 (L1 cur 
rent), the C1 voltage and the SW3 power with time The D1 
current that flows from the node N22 to the node N13 is 
positive, and the L1 current that flows from the node N13 to 
the node N12 is positive. A broken line of the SW3 power 
indicates SW3 power of the comparative example 5 that does 
not have the inductor L1 and the first diode D1. 
At time t11, the third switch SW3 is turned on, and the L1 

current and the SW3 current increase gradually due to the 
inductor L1. Thus, as compared to the comparative example 5 
in FIG. 15, it is possible to suppress the SW3 power Eon. At 
time t21, the third switch SW3 is turned off, the energy stored 
in the inductor L1 generates the current through the first diode 
D1, and is released. Thus, the current that flows through the 
inductor L1 and the first diode D1 decreases gradually. At 
time t23, the current that flows through the inductor Land the 
first diode D1 becomes Zero, and the C1 voltage becomes 
twice the C1 voltage obtained when the third switch SW3 is 
turned off. The period during which the current flows through 
the inductor L1 is twice the period T3, that is, 2-T3. The SW3 
current that flows when the third switch SW3 is turned off is 
smaller than the SW3 current that flows when the third switch 
SW3 of the comparative example 5 is turned on. Thus, the 
SW3 power Eoff is small. The SW3 current that flows when 
the third switch SW3 is turned on does not have the charge 
current for the capacitor C1 indicated as D1 in FIG. 15, and 
the SW3 power Eon is also small. Thus, as compared to the 
comparative example 5 that does not have the first diode D1 
and the inductor L1, the sum of the SW3 power Eon and SW3 
power Eoff can be reduced. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
A description will now be given of an appropriate value of 

the period T3 (see FIG. 12) during which the third switch 
SW3 is kept on. In FIG. 11, the current 13 flows through a 
series circuit of the inductor L1, the capacitor C1 and the DC 
power Supply 20. In this case, the circuit equation is described 
by equation 2: 

di 1 t (Equation 2) Li+ idt = VE dt Co 

where t is the time in which t is zero when the third switch 
SW3 is turned on, L is the inductance value of the inductor L1, 
C is the capacitance value of the capacitor C1, I is the current 
value of the current 13, and VE is the voltage value of the 
current Source E. 
The voltage Vc across the capacitor C1 is obtained as 

equation 3 by solving the equation 2: 
Vc=VE(1-cos () t) (Equation 3) 

When the third switch SW3 is turned off at t=T3, a capacitor 
C1 voltage Vcars is described as equation 4: 

Vc(2T3) = 2VE(1 - cosa). t) (Equation 4) 
Thus, 

Woo. (Equation 5) - Aff res-11 (2-3) C t = V (LC) cos | 2WE 

Time t necessary for the capacitor C1 voltage Vcats to 
become equal to VE of the DC power supply 20 is described 
as equation 6: 

t-VLC)cos-(0.5)=0.955v V(LC) (Equation 6) 

Thus, the periodT3 during which the third switch SW3 is kept 
on is defined by equation 6. However, in practice, loss due to 
resistance takes place, and the period T3 during which the 
third switch SW3 is kept on is equal to or greater than 0.955 
v(LC). 

In order to suppress power consumed by the third switch 
SW3, it is preferable to increase the inductance L of the 
inductor L1 and lengthen the charge time for the capacitor C1. 
In the embodiment 1, after the second switch SW2 is turned 
off, the capacitor C1 may be charged anytime. It is thus 
possible to suppress the power consumed by the third switch 
SW3 by increasing the inductance L. 

FIG. 17 is a diagram that illustrates effects of suppression 
of power consumption by the third switch SW3 in accordance 
with the embodiment 1, and illustrates an operation of the first 
switch SW1, the C1 voltage in the embodiment 1, and the C1 
Voltage in the comparative examples 3 and 4. In the compara 
tive examples 3 and 4, the capacitor C1 is charged during only 
the period T1 when the first switch SW1 is kept on. When the 
first switch SW1 has a small duty ratio, the capacitor C1 may 
be charged quickly. Thus, power consumed by the first Switch 
SW1 increases. In contrast, according to the embodiment 1, 
the aforementioned second switch SW2 is turned off, so that 
the capacitor C1 is charged except the transient period around 
time tS when the first Switch SW1 is turned off. It is thus 
possible to charge the capacitor C1 during almost the periods 
T1 and T2. Thus, even in a case where the first switch SW1 
has a small duty ratio, the capacitor C1 may be charged for a 
long time, and power consumed by the first switch SW1 may 
be suppressed. 
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According to the embodiment 1, as illustrated in FIG. 10, 
the switch SW1 is provided between the node N1 that is one 
end of the DC power supply 20 and the node N31 that is one 
end of the load 30. The second switch SW2 is provided 
between the node N11 located on the load 30 side of the first 
Switch SW1 and the node N22 that is the other end of the DC 
power supply 20. The third switch SW3 is provided between 
the node N21 located on the DC power supply 20 side of the 
first switch SW1 and the node N12. The capacitor C1 is 
provided between the second switch SW2 and the node N22. 
The inductor L1 is provided between the third switch SW3 
and the node N12 between the second switch SW2 and the 
capacitor C1 so that the node N13 side is provided as the 
cathode. 

The capacitor C1 is connected to the node N31 via the 
inductor L1 and the third switch SW3. Thus, as illustrated in 
FIG. 14, the capacitor C1 may be charged without interposing 
the first switch SW1. Thus, it is possible to avoid the power 
consumption by the first switch SW1 at the time of charging 
the capacitor C1. Since the inductor L1 and the first diode D1 
are provided, as illustrated in FIG. 16, it is possible to reduce 
the power consumed by the third switch SW3. Since the 
second switch SW2 is provided, as illustrated in FIG. 17, it is 
possible to charge the capacitor C for a longer time. Thus, 
even when the first switch SW1 has a small duty ratio, it is 
possible to suppress power consumed by the first Switch 
SW1. 

In the embodiment 1, as illustrated in FIG.16, the inductor 
L1 may be a delay circuit that delays the C1 current for 
charging the capacitor C1. For example, the delay circuit may 
be formed by a resistor. However, the use of resistor for the 
delay circuit may lose power. Thus, it is preferable that the 
delay circuit may be an inductor as in the case of the embodi 
ment 1. 

As illustrated in FIG. 12, the control circuit 40 turns on the 
second switch SW2 in the period during which the control 
circuit 40 keeps the first switch SW1 on. Thus, when the first 
switch SW1 is turned off, the charge stored in the capacitor 
C1 may be released. The control circuit 40 turns on the third 
switch SW3 in the period during which the control circuit 40 
keeps the second switch SW2 off. Thus, the capacitor C1 may 
be discharged between the period during which the nodes 
N12 and N11 are cut off. 

As illustrated in FIG. 12, the control circuit 40 turns on/off 
the third switch SW3 during the period T2 during which the 
control circuit 40 keeps the first switch SW1 off. Thus, the 
capacitor C1 may be charged without interposing the first 
Switch SW1. 

As illustrated in FIG. 10, the fourth switch is provided 
between the nodes N11 and N22. As illustrated in FIG. 12, the 
control circuit 40 turns on the fourth switch SW4 in the period 
during which the control circuit 40 keeps the first switch SW1 
off. Thus, the current 12 in FIG. 11 is allowed to flow. As 
illustrated in FIG. 12, the second switch SW2 is turned offin 
the period T2 during which the fourth switch SW4 is kept on. 
Thus, after the discharge of the capacitor C1 is complete, the 
current 12 depicted in FIG. 11 may be supplied to the inductor 
L2. 

As illustrated in FIG. 12, the control circuit 40 turns on/off 
the third switch SW3 in the period T2 during which the 
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10 
control circuit 40 keeps the fourth switch SW4 on. It is thus 
possible to alternately turn on and off the first switch SW1 and 
the fourth Switch SW4. 

Embodiment 2 

An embodiment 2 is an exemplary configuration in which 
the switches SW1 through SW4 are formed by MOSFETs. 
FIG. 18 is a circuit diagram of the embodiment 2. Referring to 
FIG. 18, a switching power supply 10e in accordance with the 
embodiment 2 uses MOSFETs to form the Switches SW1 
through SW4. The other structures are the same as those of the 
embodiment 1, and a description thereof is omitted. In the 
embodiment 2, the node N21 is connected to the positive 
terminal of the DC power supply 20, and the node N22 is 
connected to the negative terminal of the DC power supply 
20. That is, one end of the DC power supply 20 is the positive 
terminal. In this case, a body diode BD1 of the first switch 
SW1 is connected so that the cathode is located on the DC 
power supply 20 side, and a body diode BD2 of the second 
switch SW2 is connected so that the anode is located on the 
node N11 side. A body diode BD3 of the third switch SW3 is 
connected so that the cathode is located on the node N21 side, 
and a body diode BD4 of the fourth switch SW4 is connected 
so that the cathode is located on the node N11 side. Thus, the 
switches SW1 through SW4 may reliably cut off the currents 
11 through 14. 

Preferably, the control circuit 40 and the switches SW1 
through SW4 are integrated. 

In the embodiment 2, power consumption was simulated. 
The simulator was Simetrix5.3, and the switching frequency 
was set to 1000 kHz. In simulation of the embodiment 2, the 
first switch SW1 through SW3 were IRFU3711Z, and the 
fourth Switch SW4 was IRF9410. The diodes D1 and D2 were 
MBR20100. The capacitors C1, C2 and C3 had capacitance 
values of 50 nF, 560 LF and 560 uF, respectively, and the 
inductors L1 and L2 had inductance values of 1 uHand 50 nH. 
respectively. 

In the simulation of the comparative example 1, the first 
switch SW1 and the fourth Switch SW4 was IRFU3711Z, and 
the diode was MBR20100. The capacitors C2 and C3 had 
capacitance values of 560 uF, and the inductor L2 had an 
inductance of 50 nPI. 

FIG. 19 is a diagram that illustrates the sum of the MOS 
FETs that form the switch SW1 through SW4 with respect to 
the output current in the comparative example 1 and the 
embodiment 2. Filled circles are simulation results of the 
comparative example 1, and open circles are those of the 
embodiment 2. A broken line and a solid line are lines 
obtained by connecting the simulation results of the compara 
tive example 1 and the embodiment 2, respectively. Referring 
to FIG. 19, the embodiment 2 may suppress power consumed 
by the MOSFETs, as compared to the comparative example 1. 

FIG. 20 is a diagram that illustrates circuit efficiency of the 
Switching power Supply with respect to the output current in 
the comparative example 1 and the embodiment 2. Filled 
circles are simulation results of the comparative example 1, 
and open circles are those of the embodiment 2. A broken line 
and a solid line are lines obtained by connecting the simula 
tion results of the comparative example 1 and the embodi 
ment 2, respectively. Referring to FIG. 20, the embodiment 2 
may improve the circuit efficiency by 3% to 5%, as compared 
to the comparative example 1. 

Embodiment 3 

An embodiment 3 is an exemplary configuration in which 
the polarity of the DC power supply used in the embodiment 
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2 is inverted. FIG. 21 is a circuit diagram of the embodiment 
3. Referring to FIG. 21, a switching power supply 10f in 
accordance with the third embodiment is configured so that 
the directions of the body diodes BD1 through BD4 of the 
switches SW1 through SW4 and the first diode D1 are oppo 
site to those in the embodiment 2 in FIG. 18. The other 
structures are the same as those of the embodiment 1 in FIG. 
10 and a description there of is omitted. In the embodiment 3, 
the node 21 is connected to the negative terminal of the DC 
power supply 20, and the node N22 is connected to the posi 
tive terminal of the DC power supply 20. That is, one end of 
the DC power supply 20 is the negative terminal. In this case, 
the body diode BD1 of the first switch SW1 is connected so 
that the anode is located on the DC power supply 20 side, and 
the body diode BD2 of the second switch SW2 is connected 
so that the cathode is located on the node N11 side. The body 
diode BD3 of the third Switch SW3 is connected so that the 
anode is located on the node N21 side, and the body diode 
BD4 of the fourth switch SW4 is connected so that the anode 
is located on the node N11 side. The first diode D1 is con 
nected so that the anode is locate on the node N13 side. 

As in the case of the embodiment 3, by inverting the polar 
ity of the DC power supply, the currents 11 through 14 flow in 
the directions opposite to those illustrated in FIG. 11. Thus, 
the embodiment 3 is configured by inverting the directions of 
the body diodes BD1 through BD4 of the switches SW1 
through SW4 and the first diode D1 of the embodiment 2 
illustrated in FIG. 18. 

Embodiment 4 

An embodiment 4 is an exemplary configuration in which 
a diode is used as the second switch SW2. FIG.22 is a circuit 
diagram of the embodiment 4. Referring to FIG.22, a switch 
ing power Supply 10g in accordance with the embodiment 4 is 
configured so that the second switch SW2 used in the embodi 
ment 1 in FIG. 11 is formed by a second diode D2. The 
cathode of the second diode D2 is located on the node N11 
side, and the anode thereof is located on the node N12 side. 

Thus, the second diode D2 functions as the second switch 
that allows the current 13 to flow when the node N11 has a 
negative voltage with respect to the node N12 and cuts off the 
current 13 when the node N11 has a positive voltage with 
respect to the node N12. Thus, the third switch SW3 is turned 
on in the period T1 in which the first switch SW1 is kept on so 
that the capacitor C1 is charged. When the first switch SW1 is 
turned off, current flows from the capacitor C1 to the inductor 
L2 via the second diode D2, so that the capacitor C1 is 
discharged. When the period T1 has a length enough to charge 
the capacitor C1, the second diode D2 may be used as the 
second switch SW2. Thus, the configuration of the control 
circuit 40 may be simplified. 

In a case where the node N21 is connected to the negative 
terminal of the DC power supply 20, the second diode D2 is 
connected so that the anode is located on the node N11 side, 
and the cathode is located on the node N12 side. 

All examples and conditional language recited herein are 
intended for pedagogical purposes to aid the reader in under 
standing the invention and the concepts contributed by the 
inventor to furthering the art, and are to be construed as being 
without limitation to Such specifically recited examples and 
conditions, nor does the organization of such examples in the 
specification relate to a showing of the Superiority and infe 
riority of the invention. Although the embodiments of the 
present invention have been described in detail, it should be 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
understood that the various change, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A Switching power Supply comprising: 
a first switch provided between one end of a DC power 

Supply and one end of a load; 
a second switch provided between a node of the first switch 

located on a load side and another end of the DC power 
Supply; 

a capacitor provided between the second switch and the 
another end of the DC power supply: 

a third switch provided between a node of the first switch 
located on a DC power supply side and a node between 
the second Switch and the capacitor; and 

a delay circuit that is provided between the third switch and 
the node between the second switch and the capacitor 
and delays a current for charging the capacitor, 

wherein the second Switch is turned on in a period during 
which the first switch is kept on. 

2. The Switching power Supply according to claim 1, fur 
ther comprising a control circuit that turns on the second 
Switch in a period during which the control circuit keeps the 
first Switch on, and 

turns on/off the third switch in a period during which the 
control circuit keeps the second switch off. 

3. The Switching power Supply according to claim 2, 
wherein the control circuit turns on/off the third switch in the 
period during which the control circuit keeps the first switch 
off. 

4. The Switching power Supply according to claim 2, fur 
ther comprising a fourth Switch provided between the node of 
the first switch located on the load side and the another ter 
minal of the DC power supply, 

wherein the control circuit turns on the fourth switch in the 
period during which the control circuit keeps the first 
switch off, and turns off the second switch in the period 
during which the control circuit keeps the fourth switch 
O. 

5. The Switching power Supply according to claim 4. 
wherein the control circuit turns on/off the third switch in the 
period during which the control circuit keeps the fourth 
Switch on. 

6. The Switching power Supply according to claim 1, fur 
ther comprising a first diode provided between a node 
between the third switch and the delay circuit and the another 
terminal of the DC power supply, 

wherein the first diode is connected so that a cathode of the 
first diode is located on a node side at which the node 
between the third switch and the delay circuit in a case 
where the one end of the DC power supply is a positive 
terminal, and an anode thereof is located on a node side 
at which the node between the third switch and the delay 
circuit is provided in a case where the one end of the DC 
power Supply is a negative terminal. 

7. The Switching power Supply according to claim 6. 
wherein the period during which the third switch is turned 
on/off is equal to or greater than 0.955VV(LC) where L is an 
inductance value of the inductor, and C is a capacitance value 
of the capacitor. 

8. The Switching power Supply according to claim 1, 
wherein the second switch is a second diode and that the node 
of the first switch on the load side is a cathode of the second 
diode in a case where the one end of the DC power supply is 
a positive terminal and the node of the first switch on the load 
side is an anode of the second diode in a case where the one 
end of the DC power Supply is a negative terminal. 
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9. The Switching power Supply according to claim 1, 
wherein the first switch, the second switch and the third 
Switches are MOSFETs: 

in a case where the one end of the DC power supply is a 
positive terminal, a body diode of the first switch is 
connected so that a cathode thereof is located on the DC 
power Supply side, a body diode of the second Switch is 
connected so that an anode thereof is located on the node 
of the first switch on the load side, and a body diode of 
the third switch is connected so that a cathode thereof is 
connected to a one-end side of the DC power Supply; and 

in a case where the one end of the DC power supply is a 
negative terminal, the body diode of the first switch is 
connected so that an anode thereof is located on the DC 
power supply side, the body diode of the second switch 
is connected so that a cathode thereof is located on the 
node of the first switch on the load side, and the body 
diode of the third switch is connected so that an anode 
thereof is connected to the one-end side of the DC power 
Supply. 

10. A method for controlling a Switching power Supply 
including: 

a first switch provided between one end of a DC power 
Supply and one end of a load; 

a second switch provided between a node of the first switch 
on a load side and another end of the DC power supply: 

a capacitor provided between the second switch and the 
another end of the DC power supply; and 

a third switch provided between the node of the first switch 
on a DC power supply side and a node between the 
second Switch and the capacitor; 

5 

10 

15 

25 

30 

14 
a delay circuit that is provided between the third switch and 

a node between the second Switch and the capacitor and 
delays a current for charging the capacitor, 

wherein the second Switch is turned on in a period during 
which the first Switch is kept on, the method comprising 
the steps of: 

turning on the second Switch in a period during which the 
first Switch is kept on; and 

turning on the third Switch in a period during which the 
second switch is kept off. 

11. A control circuit for controlling a Switching power 
Supply including: 

a first switch provided between one end of a DC power 
Supply and one end of a load; 

a second switch provided between a node of the first switch 
on a load side and another end of the DC power supply: 

a capacitor provided between the second switch and the 
another end of the DC power supply; and 

a third switch provided between the node of the first switch 
on a DC power supply side and a node between the 
second Switch and the capacitor; 

a delay circuit that is provided between the third switch and 
a node between the second Switch and the capacitor and 
delays a current for charging the capacitor, 

wherein the second Switch is turned on in a period during 
which the first switch is kept on, the control circuit 
comprising: 

turning on the second Switch in a period during which the 
control circuit keeps the first Switch on; and 

turning off the third switch in a period during which the 
control circuit keeps the second switch off. 

k k k k k 
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